In the 1960s and 1970s, some of the most prominent American pioneers in surgery of the anterior cruciate ligament (ACL) performed and promoted techniques of primary ligament repair. 11, 24, 28 When Feagin and Curl 12 published their 5-year results in the American Journal of Sports Medicine in 1976, enthusiasm for the procedure was rapidly quelled, especially in North America. Among the 32 former army cadets whom Feagin and Curl were able to locate from their original 64, 17 reported a ''significant'' new injury, 24 noted impairment in athletic activities, and 30 complained of instability. European authors Odensten and colleagues 27 similarly noted subsequent deterioration of promising 2-year results. Most surgeons who believed in the importance of restoring the ACL turned their attention to reconstruction techniques.
A 1990 Norwegian randomized trial reinforced the superiority of reconstruction. 9 The study directly compared primary repair, repair reinforced with a Ligament Augmentation Device (LAD), and patellar tendon reconstruction with preservation of the ligament remnants. The authors reported that the reconstruction group demonstrated the best objective stability and subjective function scores. Furthermore, function in the reconstructed group tended to improve over the first 2 years, whereas the LAD group did not change and the isolated repairs deteriorated. Later follow-up after 5 years 16 and 16 years 7 reinforced the finding of inferior results from primary repair. Despite the predominance of reconstruction in the subsequent decades, the possibility of reinvigorating primary repair has always intrigued some surgical minds. 30, 31 Primary repair was deemed to have an unacceptably high failure rate, 21 but it didn't always fail. 14, [32] [33] [34] Efforts in the quest to improve the success of primary repair have focused on case selection, 1, 5, 13, 17, 35 modifications of repair technique, 5 augmentation to protect the repair during its healing phase, 2, 19, 20, 35 and biologic enhancement of the ligament's natural healing capabilities. 15, 25, 26, 35 Following observations that repairs of proximal avulsions seemed to fare better, some aficionados have promoted proximal injuries as the best candidates for primary repair. 5, 6, 14, 32 For example, DiFelice and colleagues 5, 6 from New York have described a technique that includes debriding the femoral footprint to encourage bleeding, grasping the avulsed remnant with multiple nonabsorbable No. 2 sutures, and using an anchor to fix the remnant in place on the femur. The 6-year follow-up of their first 11 carefully selected cases revealed 1 failure, with high functional and activity scores in the remaining 10 cases. 6 In a recent publication, 20 this group related that they have started augmenting their repairs with an adjunctive fiber tape, which they described as possibly beneficial.
Murray and colleagues have begun publishing the early clinical results of their Bridge-Enhanced ACL Repair (BEAR) technique, which uses an adjunctive extracellular matrix scaffold. Their most recent publication compared their first 10 primary repairs with 10 four-stranded hamstring ACL reconstructions. 26 After 24 months, the authors noted no clinical failures among the repairs. Subjective outcome scores, International Knee Documentation Committee (IKDC) objective examination results, arthrometer measurements, and hop test performance were comparable in both groups of patients, while hamstring strength was better in the repair group.
Two studies with contrasting messages on the potential of modern primary repair techniques appeared in a recent issue of AJSM. The title of the first provided a simple, stark warning: ''ACL Repair With Suture Ligament Augmentation Is Associated With a High Failure Rate Among Adolescent Patients.'' 13 In this study, the authors retrospectively compared 22 patients aged 7 to 18 who had undergone primary repair of the ACL with fiber tape augmentation and 157 patients who had undergone ACL reconstruction with a quadriceps tendon autograft. The authors used 3 criteria to select the candidates for primary repair: a proximal avulsion of the ligament from the femur, healthy residual tissue that accepted suturing, and sufficient remnant length to reach the femoral footprint without gapping. The ACL remnant was secured with a No. 2 nonabsorbable suture that was passed through the femur and tied over a button with the knee close to 90°of flexion; the fiber tape selected to reinforce the repair was passed through the femur and tibia and fixed with the knee in full extension. For the reconstructions, the authors used a 10-mm-wide strip of quadriceps tendon and attached patellar bone block, secured with adjustable loop suspensory fixation.
The authors of this study defined failure as the need for revision surgery or magnetic resonance imaging documenting rupture of the repair or reconstruction. In the first 3 postoperative years, the cumulative prevalence of failure was 48.8% in the repair group compared with 4.7% in the In the second article of this pair, Hoogeslag and colleagues 19 reported the 2-year results of a randomized trial that investigated a different technique of protecting the primary repair, known as dynamic intraligamentary stabilization. The authors compared single-bundle ACL reconstruction using a quadrupled semitendinosus graft with primary repair augmented with a dynamic reinforcement. The ACL stump was secured to the femur with 3 or 4 synthetic absorbable No. 2-0 sutures held by a fixation button on the lateral femoral cortex; augmentation was achieved with a synthetic polyethylene braid also fixed to the femur but secured at the tibia by a dynamic ''spring-in-screw'' device. The device is reported to exert a constant posterior drawer force of 50 to 80 N, while allowing a dynamic excursion of up to 8 mm. 18 Although most of the ligaments that underwent primary repair had sustained a proximal rupture, 4 of 24 were torn in the middle (3) or distal (1) portion.
Two years after surgery, 23 of 24 primary repair patients and 21 of 24 reconstruction patients were available for follow-up. At that time point, both groups had a median Tegner activity score of 7, with just over half of the participants in each group regaining their preinjury activity level. The repair group scored a median 95.4 on the IKDC scale, the designated primary outcome measure, compared with 94.3 in the reconstruction group. There were 2 reruptures in the repair group compared with 4 among the reconstructions. However, there were more total reoperations in the repair group, primarily to treat cyclops lesions. The authors caution that although the absolute number of reinjuries in the repair group was less than in the reconstruction group, the study was designed only to demonstrate noninferiority and was not sufficiently powered to determine whether there was a significant difference in the rate of failure between the two techniques.
The study by Hoogeslag et al 19 is notable not just because of its randomized design, but also because it was conducted by a group of researchers independent from those who originated the augmentation device. The dynamic augmentation system used in this study was developed by a group from Bern, Switzerland, who have already published extensively on its use. 3, 4, 8, 10, 17, 18, 22, 23 These publications include 5-year follow-up on the first 10 patients treated, 8 and series of 50 cases 22 and 278 cases 18 with 2-year follow-up. These studies reported failure in 20% (2/10), 10% (5/50), and 4% (11/278) of cases, respectively. In another study of 47 patients operated upon by an affiliated author, 3 secondlook arthroscopies performed 6 months after repair of a proximal rupture revealed ''full restoration'' of the ACL volume in 30 patients and restoration to two-thirds of its volume in 13 patients.
A 2018 article from the Bern group analyzed 381 cases of dynamically augmented primary repair for factors associated with failure. 17 When followed up 2.5 years after surgery, 30 patients (7.9%) had undergone revision surgery. Factors associated with revision included age less than 24 years, Tegner activity level greater than 5, and more than 2 mm side-to-side difference in anterior knee laxity at 30°o f flexion (relative risk 1.6, 3.7, and 2.3, respectively). A similar 2017 report of 264 cases found that a Tegner score greater than 7 and midsubstance injury to the ligament increased the odds of failure. 23 Yet another Bernese study reported that 78.8% of 33 patients with midsubstance tears treated with this system experienced complications such as extension deficit, rerupture, and instability but these complications were largely mitigated in a comparison group by the application of a collagen membrane. 10 Not all investigators have reported the same level of success performing primary ACL repairs augmented with polyethylene braid and this dynamic fixation device. In a recently published case series, 29 KT-1000 arthrometer testing 1 year after surgery documented a side-to-side difference in anterior knee laxity greater than 3 mm in 49.1% and greater than 5 mm in 26.3% of 57 patients. The authors reported a complication rate of 57.9%, including 17.5% rerupture or failure to heal and 22.8% requiring repeat arthroscopy. They concluded that ''a general recommendation for primary repair using DIS (dynamic intraligamentary stabilization) does not appear to be justified.'' 29(p35) The quest for reliable primary ACL repair continues. Some of the reported results seem promising, while others are downright discouraging. In particular, younger patients or those with higher activity levels appear to challenge the capabilities of current techniques. Success or failure may depend upon subtle and as yet incompletely defined technical details. Given the variability in reported outcomes, widespread adoption of primary repair in lieu of reconstruction seems inadvisable. For the benefit of the orthopaedic sports medicine community and our patients, surgeons performing primary repair should continue to monitor their results carefully and report them comprehensively.
Bruce Reider, MD
Chicago, Illinois
